The aim of the current study is to describe the effectiveness of a school-based intervention when delivered by a non-nutrition specialist (trained schoolteachers) as compared to an expert in nutrition. Methods: Two trials of the same school-based intervention using the same intervention package were delivered, one by nutritionists and another by trained schoolteachers. The intervention focused mainly on dietary behaviours, as well as physical activity. In both trials, purposively selected schools were randomized to intervention or control groups; students (aged 9-11 years) in both groups were compared at post-test on knowledge and self-efficacy scores, as well as dietary and physical activity behaviours, controlling for their baseline status on the various measures. All analyses accounted for clustering at the school level.
Background
Overweight and obesity in children are one of the most difficult global public health challenges of the twenty-first century [1] . Prevention efforts have mainly focused on school-based interventions to provide students with educational information on how to improve diet, increase physical activity, and/or make healthier food choices [2] . School-based interventions have been shown to be effective at significantly improving students' health-related knowledge and behaviours [3] . Addressing both diet and physical activity has also been shown to be effective in reducing the risk of obesity (BMI) [4] Typically, schoolbased interventions have been implemented by trained school staff, with regular follow-ups and supervision from the research teams [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . In some cases, however, members of the research team (as pilot studies to assess programme effectiveness) [18] , or health professionals such as nutritionists [19] , or even a multi-professional team (physician, psychologist, nutritionists and experts in physical activity) have delivered the programmes [20] .
The Middle East region is witnessing among the highest rates of obesity globally [21] . While the prevalence of overweight has attenuated over the last years in developed countries, there seem to be continued increase in countries in the Middle East [21, 22] . In Lebanon, a small country in the Eastern Mediterranean region, the prevalence of overweight and obesity have doubled in the past 12 years [22] , and in parallel, behavioural risk factors including unhealthy eating habits and low physical activity have also become more prevalent [23] . To this end, a school-based multicomponent intervention focusing on the promotion of healthy eating and active living was pilot-tested in 2009 [24] . The intervention was effective in reducing the purchase and consumption of high energy dense snacks and beverages, and in increasing students' nutritional knowledge and self-efficacy [24] . The main challenges and lessons learned emanating from this school-based intervention has been also summarized elsewhere [25] .
This school-based intervention was then rolled-out by a team of nutritionists in 2010/12 and later by trained schoolteachers in 2012/13. The aim of this paper is to present side-by-side the results of the programme when delivered by non-nutrition specialists (i.e. the trained schoolteachers) and nutritionists. To our knowledge, no study has attempted to present and discuss findings of the same school-based nutrition intervention when delivered by different personnel. School-based interventions that are impactful when delivered by trained school personnel can enhance ownership of the program and ensure its sustainability.
Method

Programme implementation
The school-based intervention is developed as a 1 year program. Its implementation by the team of nutritionists took 2 years to cover 30 schools all over Lebanon (Oct 2010-June 2011-Oct 2011-June 2012). Implementation by the trained schoolteachers in 30 schools was carried out during the academic year 2012-2013. In both trials, all students in Grades 4 and 5 (aged 9-11 years) enrolled in the participating schools were invited to participate. The total number of students who agreed to partake in the study is shown in Fig. 1 .
School selection and randomization
The Lebanese Ministry of Education and Higher Education was in charge of the school recruitment process for both trials. Thirty schools were purposively selected for the trial delivered by the nutritionists (each randomized into either intervention or control (15 schools in each group). After collecting consent forms, a total of 22 schools remained in this trial, of which 13 were in the intervention group and 9 were in the control. For the trial delivered by the teachers a new set of 30 schools were purposively selected, then randomized into either intervention or control (15 schools in each group).
Teacher training
In the second trial delivered by trained teachers, two persons were trained in each participating school in the intervention group: a science teacher and a health educator. The workshops consisted of three full days of training on all programme components and hands-on coaching on all educational activities. A complete toolkit comprised of detailed lesson plans and educational material (posters, pamphlets, booklets…) was shared with the trained teachers.
Intervention
Students in the intervention schools received the programme components over three consecutive months; in parallel, students enrolled in control schools were receiving their usual curriculum. The intervention specifically targeted obesity-related behaviours in 9-11 year olds including increasing consumption of fruits and vegetables, favouring healthy over energy-dense snacks and drinks, increasing eating breakfast daily, increasing moderate physical activity, and decreasing overall sedentary behaviour.
The intervention was based on the constructs of the Social Cognitive Theory [26] , which uses a multilevel approach involving individual behaviour changes and environment modifications to support positive changes at the individual level. The intervention addressed personal-level factors influencing individual behaviour (e.g., knowledge, skills and self-efficacy) as well as environmental-level factors (e.g., modelling and availability). The intervention was comprised of three coordinated modules. First, twelve culturally appropriate classroom sessions using fun and interactive activities were incorporated into the school curriculum and delivered once a week to address the knowledge and selfefficacy determinant, influencing individual behaviour. Second, a family module consisting of meetings, health fairs and information packets sent home including recipes and food samples. Third, a food service intervention targeted the school shops and the lunch boxes sent by the families. Role modelling of significant others and availability of healthy choices at home and school were the main environmental factors addressed by the programme. A detailed description of the intervention components was described previously [27] .
Instrumentation and data collection procedure
All participating students (in intervention and control schools) completed a baseline assessment (pre-test) a week prior to starting the intervention (in the schools randomly assigned to receive the intervention); another post-assessment was conducted, 1 week after completing the intervention (post-test). Both assessments took place in the classrooms.
The questionnaire used in the pre-and post-assessment in both interventions was the one used previously in the original pilot study [24] . It comprised of 3 sections, each assessing a specific primary outcome: (1) dietary behaviours (13 questions); (2) physical activity (10 questions); (3) nutrition knowledge (14 questions) and self-efficacy (9 questions).
The questions on dietary and physical activity behaviours were analysed individually. Questions on dietary behaviours included: purchase and consumption of fruits, crisps, sweetened beverages, and candy bars as snacks as well as questions assessing the frequency of daily consumption of these foods. Categorical variables were recoded as binary to reflect recommended levels of dietary habits, and assess effectiveness of the programme in improving these outcomes. For example, given that the recommendation is to have breakfast daily, the initial question was recoded to reflect daily breakfast versus sometimes/never. For knowledge questions, each response was recoded as either 1 (correct answer) or 0 (for an incorrect answer, or a "don't know" response), and summed to generate a total score (range: 0-14) reflecting overall knowledge level. The 9 self-efficacy items were also summed into a total score (range 0-18); originally each question was measured on a 3-point Likert scale (0 = not sure, 1 = little sure, 2 = very sure); the higher the score, the better the self-efficacy. The internal consistency (and item-total correlations) of each set of knowledge and self-efficacy items was checked prior to creation of the overall scores; in both cases, the internal consistency was acceptable (Cronbach alpha: 0.66-0.7 at pre assessment and 0.66-0.7 at post assessment) in both interventions.
Data analysis
Stata MP 13 was used to run mixed effects logistic regression models to compare the intervention and control groups on the selected outcomes of interest at post-test, controlling for baseline levels, accounting for the clustering of students within schools. The critical alpha level was set at 0.05. Table 1 presents the results of the dietary knowledge and self-efficacy scores, and as can be seen, at post-test, the scores were statistically significantly higher in the intervention vs. control group students controlling for their baseline measures. This was observed in both trials, although the improvements in dietary knowledge and selfefficacy were greater when the intervention was implemented by the nutritionists than trained schoolteachers.
Results
The findings for changes in dietary behaviours and physical activity are presented in Table 2 . In the first trial delivered by nutritionists, the odds of daily breakfast intake was the same in both intervention and control groups at post-test when controlling for their baseline breakfast intake (OR: 1.02, 95% CI: 0.56; 1.85); in contrast, when the intervention was delivered by trained schoolteachers, the odds of consuming breakfast daily was twice as high on average among students in the intervention versus control schools at post-test controlling for baseline status (OR: 2.04, 95% CI: 1.34; 3.11).
Contrary to breakfast intake, significant improvements were observed for recommended levels of fruits (OR: 1.61, 95% CI: 1.19; 2.19) and vegetables (OR: 1.90, 95% CI: 1.31; 2.75) when the intervention was delivered by the nutritionists (Table 2) but not the trained teachers (Table 2 ). Crisps consumption (at least once per day) was however significantly, and similarly, reduced in both interventions by about 55% ( Table 2) . No changes were observed for after school physical activity outcomes in both trials.
Discussion
The present study demonstrates that an effective schoolbased nutrition intervention could generate promising results if delivered by trained schoolteachers, though the positive impact was not consistent across all dietary outcomes. Although schoolteachers were adequately trained on the programme components and delivery, it is possible that a more intensive training is needed to compensate for the lack of a nutritional background and training. A lack of a solid training or background in nutrition or health promotion techniques has been shown to reduce programme impact and will need to be better addressed in self-sustained school-based intervention programmes [28] [29] [30] .
While the results were not consistently positive across health outcomes, trained schoolteachers were successful at improving the odds of students' daily breakfast intake, and reducing their crisps intake. Trained schoolteachers may have been especially motivated to advocate for daily breakfast intake given their own belief that breakfast is linked to improved cognitive performance and classroom behaviour [31] , thus the differences seen in breakfast behaviour may be due to regular reinforcement of the messages being provided. In the current study, teachers used experiential learning approaches (cooking and food preparation activities), which have been recently shown in a review article to have the greatest effect on improving children's eating habits [32] . One enabling factor for reduced crisps consumption in both interventions is perhaps the recent law enforced by the Ministry of Education and Higher Education to stop the sale of highenergy snacks and beverages in school shops. Similar reductions in the consumption of low-nutrient dense foods such as potato crisps, hot dogs and soft drinks have been observed in other studies including schools that had adopted specific nutrition policies regulating the sale of certain food products on campus [33] [34] [35] . This stresses the role of public policies in encouraging the availability of healthy food choices in schools to enhance the impact of nutrition education. Our qualitative discussions with the trained school teachers who implemented the program gave us some perspective on potential challenges. For example, unlike breakfast activities, we learnt from our discussions that the fruits and vegetables sessions were not always experiential due to budget constraints that limited bringing fruits and vegetables to class (not the case when the programme was delivered by the nutritionists). This reality further stresses the influential role of situational factors (e.g., available resources) in affecting programme effectiveness beyond programme or staff-relevant factors. Students' physical activity did not change or improve in both interventions, which may be explained by external factors such as limited accessibility to extracurricular activities, be it due to budget constraints, homework overload or the lack of safe and free places for spontaneous physical activity or play, all of which were reported as barriers to improved frequency of after-school sports in previously held focus group discussions as part of the process evaluation of the pilot study [24] Other reviews have shown that the null effect of school-based physical activity interventions on children's moderate to vigorous physical activity may be due to interventions not reaching target populations as intended. Authors concluded that further assessments of intervention fidelity are required [36] . Increasing the number of physical education sessions per week, at school, may be a more appropriate goal for schools in low to middle-income countries. Other researchers have noted that change in physical activity may necessitate more targeted individual behavioural interventions which was not the case in our study [37] .We acknowledge that our study has limitations. Dietary behaviors and physical activity were self-reported and thus were subjectively assessed, and are prone to reporting error. Another limitation, is the reduced number of physical education sessions and the absence of sports experts in both trials, which may have affected the improvement in students' physical activity levels as nutritionists are probably not best suited to deliver active living components. While this study is the first to describe the findings of two trials delivering the same intervention package, it did not directly assess the difference in the impact of the intervention when delivered by the nutritionists or the schoolteachers. Finally, the baseline dietary and physical activity behaviours, as well as knowledge and selfefficacy scores were comparable between students who were lost to follow-up and those with complete data, within and across intervention and control groups; thus, it is unlikely that any differential misclassification bias was introduced.
Conclusion
Overall, the present study demonstrates the potential for trained schoolteachers to deliver effective school-based nutrition interventions provided they are equipped with a solid training in nutritional information.
Making a positive impact would necessitate structural changes that go beyond teacher training and include school administration's financial plan in supporting the implementation of such in-class programmes, as well as commitment to improving structural determinants of health including the physical environment (presence of play areas to increase physical activity) and school policies (availability of healthy food choices). In that realm, trained schoolteachers can become advocates and agents of change for a more sustainable, long-term health and nutrition promotion programme within schools.
Finally, it is recommended that an expert nutritionist works with the school staff to monitor and ensure adequate implementation of the programme during its early stages, and maintains a consultant role to the school.
